The Japanese government initiated a series of regulatory reforms in the mid-1990s. The Japanese urban gas industry consists of various sized private and non-private firms. Numerous previous studies find that deregulation leads to productivity improvements. We extend the literature by analyzing deregulation, privatization, and other aspects of a regulated industry using unique firm level data. This study measures productivity to evaluate the effect of the deregulation reform. Using data from 205 firms from 1993 to 2004, we find that the deregulation effect differs depending on firm size. Competitive pressure contributes to advanced productivity. The deregulation of gas sales to commercial customers is the most important factor for advancing productivity.
Introduction
Substantial reforms deregulating the energy market have occurred since the early 1980s in the USA and European countries. The Japanese government also initiated regulatory reforms in the mid-1990s. This deregulation was motivated by the consensus view that deregulation was a key factor for advancing productivity in the industry. Numerous previous studies analyze the effects of deregulation on productivity, including analyses on the energy industry (see Price and Weyman-Jones, 1996; Kleit and Terrell, 2001; Nakano and Managi, 2008) .
The present study contributes to the literature on deregulation and productivity in two ways. Previous studies do not separate the effect of each enforcement policy included in the deregulation. Generally, the deregulation of the energy industry includes several policies. The most important channel is the creation of a competitive market, i.e., new entrants are permitted in the energy market. In theory, firms have a strong incentive to increase production efficiency under high competitive pressure. Deregulation of the wholesale market is expected to encourage efforts to achieve productivity gains. If the wholesale market is competitive, energy firms can keep the capital cost of energy production low.
Another potential limitation in the literature is the small sample size used to measure production efficiency. Nearly all prior studies use a limited number of samples that make it difficult to analyze the complex effects of deregulation policies. Productivity measurement techniques, such as Data Envelopment Analysis (DEA) and Stochastic Frontier Analysis (SFA), require a large sample of observations to obtain robust estimates of the production frontier. However, relatively small numbers of companies tend to operate in the energy market because of the presence of a natural monopoly in many countries. Thus, nearly all studies are forced to measure productivity using a small sample. In addition, regulated markets do not experience dynamic change, such as corporate mergers and business collusion.
In contrast to these limitations in the literature, the Japanese urban gas industry has unique characteristics. It includes both private and non-private firms of various sizes. This characteristic helps us analyze the effects of deregulation on a regulated industry in detail. For example, corporate mergers and privatization occurred in conjunction with the deregulation of the Japanese urban gas industry. Consequently, an analysis of the Japanese gas industry has the potential to contribute to the discussion of deregulation and other important market reforms such as privatization and corporate mergers. In addition, we analyze the deregulation effect based on a firm's scale, taking into account large differences in firm size.
In this study, we employ a proportional distance function to measure a firm's productivity. In addition, we analyze the factors that influence each firm's productivity change using a dynamic generalized method of moments (GMM) estimation. Based on these results, we discuss the effect of deregulation and other possibilities for the change in productivity in the urban gas industry.
Background

Previous Studies
The effects of deregulation have been an important policy topic over the last few decades. Numerous researchers have analyzed the effect of deregulation on the advancement of productivity. DEA is one of the principal tools used to measure the productivity of a regulated industry (Megginson and Netter, 2001) . For example, numerous previous studies focus on the electricity industry. Nakano and Managi (2008) measured the Luenberger productivity of the Japanese electricity industry. They find that productivity increased following the deregulation reforms. Pombo and Taborda (2006) focus on the deregulation of the electricity distribution sector in Columbia. They divide production inefficiency into policy inefficiency and managerial inefficiency. They find that inefficiency in the post-reform period is dramatically lower than in the pre-reform period.
Several previous studies also analyze the deregulation of the gas industry. For example, Price and Weyman-Jones (1996) measure Malmquist productivity in UK gas firms using DEA. They compare the productivity trends pre-and post-privatization. They find that the UK gas industry privatization program contributes to an increase in productivity. Farrsi et al. (2007) apply SFA to estimate the inefficiency of the Swiss gas distribution sector. They note the importance of environmental and output characteristics. In particular, they find that increased customer density decreases costs. Carrington et al. (2002) measure the production efficiency of US and Australian gas distributers using DEA and a parametric frontier model. They focus on the effect of a cost benchmarking program on production efficiency. They find that a benchmarking program can support efficient decision making among gas distributers.
Regulatory reforms in the Japanese urban gas industry
The Japanese energy industry has undergone deregulation since the 1990s. The most dramatic reform is the admission of new entrants to the retail market. Regulatory reform in the Japanese urban gas industry began in 1995 with the amendment of the gas industry law. Due to these reforms, new firms can enter the market for major customers that consume over 2 million m 3 . The second major deregulation reform was implemented in 1999, expanding the range of entry to the retail market. Firms can now enter the market for customers that consume over 1 million m 3 .
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The other major reform is the consolidation of the competitive wholesale market. The amount of wholesale gas trading reached approximately 20% of all retail sales. Good performance in the wholesale market is important for firm production efficiency. In addition, many small gas firms cannot directly purchase LNG-the primary source of gas-because Japanese urban gas firms need to purchase LNG from overseas.
The direct acquisition of LNG requires a large investment. Thus, small firms in Japan purchase LNG from large gas firms or other energy firms. Prior to the secondary reforms, wholesale contracts between gas firms required the approval of the Ministry of Economics, Trade and Industry. However, such permission was no longer required following the second deregulation reform, which is why the wholesale market is crucial for the Japanese urban gas market. These reforms are considered to be important. For example, Borenstein et al. (2002) find a significant amount of dead weight loss due to market power in California's electricity market.
In addition, many studies note the effect of yardstick price regulation in the retail market. Under yardstick regulation, the price each firm charges for urban gas is partly determined by comparing its performance with that of other firms. Companies with larger costs suffer losses, whereas those with smaller costs generate profits. Therefore, this system is expected to promote cost-cutting competition. Yardstick regulation was introduced in the Japanese urban gas industry following the second deregulation reform in 1999.
However, the effects of deregulation are not clearly revealed in the market. Generally, one of the effects of deregulation is a decrease in the retail price (Winston, 1993) . Figure 1 plots the rate of the increase in retail urban gas prices in Japan and the prices of imported LNG and oil. One reason we present the trend in the oil price is that the import price of LNG is linked to the import price of oil. In addition, increases in the oil price result in increased shipping costs for LNG. Thus, the oil price is important for the LNG pricing decision in Japan. The retail price of gas is constant over the entire period, although fuel import prices fluctuated.
Moreover, the retail urban gas price is constant after 2000, although the LNG import price is increasing. Thus, deregulation may change the performance of each urban gas firm.
Supply chain in the Japanese urban gas industry
The Japanese urban gas supply chain is unlike those in the European and US markets. European gas distributers directly purchase natural gas from another region or country using a pipeline. However, Japan is surrounded by the ocean. Additionally, there are few gas fields in Japan. Total LNG imports account for approximately 99% of the total amount of gas consumed. Therefore, Japanese gas firms purchase their natural gas from abroad in the form of LNG that is transported via ships. After importing, each firm converts the LNG into gas 1 . Finally, gas firms distribute the gas to customers using circular pipes. Many urban gas firms began using LNG in the 1990s because the Ministry of Economy, Trade and Industry encouraged the use of LNG for urban gas (Integrated Gas Family 21 plan). Two primary reasons explain this phenomenon. The first reason is the long run effect regarding the efficient usage of gas pipelines. The heat content of LNG is higher than LPG (Liquefied petroleum gas) 2 .
Thus, using LNG increases the transport capacity of a gas pipeline. Second, LNG is a low carbon energy source. Thus, shifting from using LPG to LNG as fuel can decrease CO 2 emissions. Generally, natural gas generates lower carbon emissions than other fuel fossils. Regarding life cycle assessments, previous studies indicate than LNG is the low carbon energy sources in Japan (see Okamura et al., 2007) . 3 3 The model
Productivity indicator
As a first step, this study applies the Luenberger productivity indicator consisting of a proportional distance function, which is a special case of the shortage function. Our problem can be formulated as follows:
y y R be the vectors of inputs and outputs, respectively. The technology set, which is defined by (1), consists of all feasible input vectors, x t and output vectors, y t , at time t and satisfies certain axioms, which are sufficient to define meaningful proportional distance functions:
T t x y x y
The proportional distance function is defined as follows:
where δ is the maximal proportional amount that y t can be expanded given the technology T(t). This formulation produces an output-oriented distance function. DEA is used to estimate the proportional distance 6 function under variable returns to scale (VRS) by solving the following optimization problem (Managi, 2007) :
where δ is the measure of inefficiency for company i in year t. N1' is a row vector with all components equal to 1, λ is an N×1 vector of weights, Y t and X t are the vectors of outputs y t and x t . To estimate productivity changes over time, several proportional distance functions are used for the input-output vector for period t+1 and technology in period t. These functions are also estimated using DEA below.
The Luenberger productivity indicator is defined as (4), with several proportional distance functions: Chambers et al. (1996) , this indicator is divided into two components as follows:
where the first difference represents Efficiency Change (EC) and the second arithmetic mean represents Technological Change (TC):
Therefore, a positive change in Total Factor Productivity Change (TFPC) is measured as a decrease in inefficiency and an outward shift of the frontier (TC). In short, the decomposition of TFPC is defined as (8):
Econometric models
In the second stage, we analyze the determinants of productivity change. That is, productivity measures are estimated in the first stage (e.g., (4)) and regressed on explanatory variables in the second stage. However, this type of two-stage approach should be treated with caution. Following Simar and Wilson (2007) , productivity measures estimated by DEA are serially correlated. These authors argue that a bootstrapping method should be used.
However, the use of panel data and dynamic specifications make this problem more complex.
Alternatively, to eliminate the serial correlation problem, Zhengfei and Oude Lansink (2006) suggest the use of dynamic panel analysis by applying System GMM to analyze the TFP measures estimated by DEA.
Therefore, this article uses a System GMM model to analyze productivity change, in addition to an Ordinary Least Squares (OLS) model. We estimate the following equation:
where "PROCH" is the annual productivity change (such as TFP, TC or EC), measured by the Luenberger productivity indicator, for firm i at time t. The "CUSDEN" variable refers to an increase in the rate of customer density, which is the number of customers per distribution of gas pipe (km). The "CUSDEN" variable captures a geographical characteristic that affects each firm's productivity.
In this model, we use the cross terms of the firms' scale group dummies and other variables. As discussed below, the results of the productivity analysis indicate the different trends for each scale group.
Scale efficiency effects might contribute to these results. Thus, we include the cross terms to analyze these differences.
In this study, we divide the firms into three groups: "Large", "Middle", and "Small". The "Large"
group includes the top four firms in the urban gas industry. Combined, their gas sales account for 80% of all urban gas sales in Japan. The "Middle" group is composed of firms that have total capital in excess of ten billion Japanese Yen and 300 employees. Other small firms are placed in the "Small" group. The variable "Buy" denotes the increase in the amount of gas purchased from other gas firms. In other words, this variable indicates the extent to which gas sales depend on the wholesale market. Nakano and Managi (2008) use the percentage of home generation to capture the competitive pressure in the electricity industry. In this model, we add the increase in gas sales of new entrant firms to capture competitive pressure ("Comp"). The aggregate sales of new entrants vary over time but not across firms. 4 The "der" represents dummy variables for the full regulatory reform period (dummy variables between 1995 -2004). The parameter "year" is the time trend (value of year). The interaction terms between "der", "year" and scale group dummies capture the remaining deregulation effect, which is the exclusive effect of the policy to reform the competitive environment and the wholesale market. "Merge" is a dummy variable used to capture a merger or acquisition 5 . The "yeardum" variables are dummy variables for each year. "Private" is a dummy variable that captures a change in ownership from the local government to the private sector.
Data
In this first step, productivity change is computed using data from 1993 to 2004. Mergers reduced the number of firms over time, and 205 firms operated in the market in 2004. A sample of 205 firms is used to measure efficiency in each year. Therefore, the number of observations is 2460 for the 12 years of this study. To calculate productivity, three inputs and one output are used. The output is the amount of gas sales (kcal).
Inputs are the number of employees working in each firm (head-count), gas generating equipment (kcal per day), and length of circular pipe (km).
Data on gas sales are obtained from the Gas Business Report published by the Japan Gas Association.
The number of employees, gas generating equipment and length of circular pipe are obtained from the Gas Business Yearbook published by the Japan Gas Association. In this study, our data are based on the Japanese fiscal year, running from April to March.
The econometric analysis in the second step is conducted using the productivity indicator. 4 There are several reasons that we use aggregate sales data. First, gas trading does not entail comparatively difficult technological problems when new entrants enter the urban gas market. In addition, there are potentially new entrants that use the same technology to treat gases (i.e., LP gas firms). Second, gas firms can use tanker trucks to transport LNG. Thus, if customers are distant from gas firms, the firms can sell the gas to them. New entrants from other regions become potential sources of pressure in each region and, therefore, we use aggregate data. 5 We discuss the measurement of business mergers in Appendix 1.
Independent variables include the increasing in the rate of customer density and percentage of gas bought from other firms. The amount of gas bought from other gas firms is the indicator of the extent to which each firm uses the wholesale market. In addition, we include the dummy variables to consider the effects of privatization and mergers. The dummy variable for privatization and mergers is created from information from the Gas Business Year Book. Descriptive statistics of each variable are presented in Table 1A . The number of "Merger" and "Privatization" events is presented in Table 1B 6 . 4 Results
Measurement of productivity
We present the productivity results obtained by DEA. Descriptive statistics on productivity values are presented in Table 1C . Figure 2A (averaged by the number of firms) and Figure 2B Note that the values in Figure 2A are dominated by results from small firms, presumably because productivity changes were averaged across the 205 firms. For the analysis of overall productivity in the urban gas industry, we also need to consider the gas sales volume of each firm (i.e., size). Thus, we present the average of arithmetic weighted productivity change 9 in Figure 2B . The arithmetic weighted productivity change tends to increase beginning in 1999. Figure 2B shows the substantial increase in TFPC after the second wave of deregulation. Here, TC is a factor that increases the TFPC in most years, whereas EC decreases TFPC after 2000. Comparing Figure 2A to Figure 2B, Figure 3 shows the average productivity change based on each scale group. Each scale group has a different TFPC trend. "Large" scale firms do not achieve any apparent productivity advancement until 2000.
However, the TFPC values of "Large" scale firms increase after 2001. "Middle" scale firms experience limited productivity advancements until 1998. After the second deregulation effort, the "Middle" scale group was able to achieve a substantial increase in productivity. Thus, deregulation reforms have the potential to increase the TFPC of "Large" and "Middle" scale firms. However, "Small" scale firms exhibit a different TFPC trend. Small scale firms were able to achieve substantial productivity advances in 1995 and 1999. 
Econometric analysis
To confirm the effect of deregulation, we conducted an econometric analysis. Table 2 presents the results of the OLS and two step system GMM estimations. As discussed, the OLS results suffer from the serial correlation problem, and our OLS estimation results do not show statistically significant results between productivity changes and most independent variables. These results imply that an OLS model does not provide good fit. The system GMM method is a suitable means of analyzing productivity change (Zhengfei and Oude Lansink, 2006; Nakano and Managi, 2008) . Thus, we focus on the system GMM estimation results.
In all model estimations, the Sargan test of over-identifying restrictions implies that the instruments used in the GMM estimation are valid. In most results (except those of TC), the lagged dependent variables are negative and significant, indicating that further productivity improvement following higher prior growth seems to be more difficult. In addition, "CUSDEN" exhibits positive coefficients in all models. Increasing customer density leads to the efficient use of circular pipe.
Hardly any of the cross terms for the deregulation reform period exhibit a positive coefficient for TFPC. The "der×year×Middle" and "der×year×Small" interactions have a negative relationship with TFPC. However, the "Large×comp", "Middle×comp" and "Small × comp" variables produce a positive coefficient for TFPC. These results imply that, on average, competitive pressure encourages productivity advancement for all firms.
However, other deregulation effects, with the exception of competitive pressure and the wholesale market, decrease TFPC. In addition, the cross term of "der" and "Middle" takes a negative sign for TC. One reason for these negative signs for TFPC is the inter-energy competition between gas and electricity.
Inter-energy competition became more severe during these periods (Ministry of Economy, Trade and Industry, 2003) 10 . Thus, several gas firms lost the customers to competitors (i.e., electricity firms). The cross terms of "Merger" and "Middle" take positive coefficients for TFPC and EC. However, the cross terms of "Merger" and other scale dummies do not take statistically significant signs. Many previous studies seek to observe a relationship between mergers and productivity (e.g., Odeck, 2008; Haynes and Thompson, 1999) . Several studies show that mergers improve productivity. However, mergers do not consistently provide benefits for firms. In fact, 43% of all merged firms worldwide reported lower profits than comparable non-merged firms during the period from 1981 to 1998 (Gulger, 2003) .
Banal-Estañol and Seldeslachts (2009) note that informational asymmetries arising from the pre-merger period and cooperation and coordination problems in recently merged firms are important factors for whether mergers succeed. Our results reveal that the "Middle" scale firms can engage in successful mergers with other firms. In our study, "Middle" scale firms tend to merge with nearby small firms. Thus, "Middle" firms obtain sufficient information to complete a beneficial merger.
However, nearly all cross terms for "Buy" and the scale dummies do not show positive effects. The cross terms of "Buy" and "Small" only show a negative sign. If the wholesale market functions well, increasing gas purchases from other firms contributes to the efficient management of the gas firms. Thus, our results show that the wholesale market must be improved to enhance productivity.
In general, privatization leads to productivity advancement (Megginson and Netter, 2002) . However, "Private" exhibits a negative association with all productivity measures. Several previous studies reveal that privatization encourages increases in service prices (e.g., Andres et al., 2006) . If the price of output is increased, demand is reduced. Thus, privatization may reduce the outputs of each gas firm.
In our study, privatization occurs among smaller, local firms. The primary motivation for the privatization of Japanese urban gas firms is unprofitability. This phenomenon is particularly the case if a local area faces several problems that firms cannot overcome (e.g., population outflows, highly aged society, etc.).
In these cases, firms do not have the managerial flexibility to improve productivity. Therefore, if privatization occurs, such firms cannot easily increase their productivity, at least in the short run.
Based on our estimation results, we calculate the elasticities of the cross terms that exhibit a positive relationship with TFPC. In particular, we focus on the effects of "Comp" and "Merge". Our estimation results indicate that competitive pressure has positive effects on all urban gas firms, regardless of scale. The elasticities of "Large×Comp", "Middle×Comp" and "Small×Comp" are 0.043, 0.010 and 0.109, respectively.
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One of the reasons for the decrease in urban gas demand is the the increase in the number of residents exclusively using electricity during our estimation periods (see METI, 2009) . Until the 1990's, nearly all Japanese retail customers consumed both electricity and urban gas. As a result of diffusion of all electrification residents beginning in the 1990's as a strategy for marketing an image of safety for their system, electricity companies succeed in taking business from urban gas firms.
Conversely, Merge does not exhibit a positive effect on all urban gas firms. Our estimation results indicate that "Middle×Merge" has a positive effect on TFPC. The elasticity of "Middle×Merge" is calculated as 0.022. However, Merge does not show a positive effect for other scale groups. There are only 7 Middle firms. Therefore, the effect of mergers on advancing TFPC is limited.
Discussion and Conclusion
The literature reflects a substantial discussion on deregulation, privatization, and mergers. Most studies show that deregulation and privatization increase productivity. In this paper, we measured Luenberger productivity in the Japanese urban gas industry and obtained variation across firm size. In addition, our study reveals the effects of deregulation reforms using system GMM estimations. We obtain two important results.
First, the effects of deregulation and other important structural changes (i.e., merger) differ with respect to firm size. Although scale efficiency effects may be important in certain industries, our results suggest that productivity is not only improved for large firms but also for middle firms. The results indicate that competitive pressure encourages increases in productivity for all firm size groups. However, mergers only increase productivity for middle scale firms.
Second, deregulation reforms contribute to improved productivity. The deregulation of gas sales for commercial scale customers plays the most important role in advancing productivity because competitive pressure increases overall productivity in the Japanese urban gas industry. However, the deregulation of the Japanese urban gas industry must be improved if additional productivity increases are to be achieved. Our estimation results demonstrate that the deregulation of the wholesale market does not affect changes in productivity. Thus, policy makers need to improve the structure of the wholesale market. 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 Changing -0.639*** -0.463*** -0.216*** -0.104 -0.640*** 0.499***
